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ABSTRACT 

This document contains the appendices for the accident sequence analysis of internally 
initiated events for the Peach Bottom, Unit 2 Nuclear Power Plant. This is one of tho 
five plant analyses conducted as part of the NUREG-1150 effort for the Nuclear 
Regulatory Commission. The work performed and described here is an extensive reanalysis 
of that published in October 1986 as NUREG/CR-4550,Volume 4. It addresses comments from 
numerous reviewers and significant changes to the plant systems and procedures made 
since the first report. The uncertainty analysis and presentation of results art also 
much improved, and considerable effort was expended on an improved analysis of loss of 
offsite power. The content and detail of this report is directed toward PRA 
practitioners who need to know how the work was done and the details for use in further 
studies . 
The mean core damage frequency is 4.5E-6 with 5 %  and 95% uncertainty bounds of 3.5E-7 
and 1.3E-5, respectively. Station blackout type accidents (loss of all AC power) 
contributed about 46% of the core damage frequency vith Anticipated Transient Without 
Scram (ATWS) accidents contributing another 42%. The numerical results are driven by 
loss of offsite power, transients with the power conversion system initially available, 
operator errors, and mechanical failure to scram. External events were also analyzed 
using the internal event fault tree and event tree models as a basis, and are reported 
separately in Part 3 of NUREC/CR-4550,Volume 4, Revision 1. 
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FOREWORD 

This is one of numerous documents that support the preparation of the 
NUREG-1150 document by the NRC Office of Nuclear Regulatory Research. 
Figure 1 illustrates the front-end documentation. There are three 
interfacing programs at Sandia National Laboratories performing this 
work: the Accident Sequence Evaluation Program (ASEP), the Severe 
Accident Risk Reduction Program (SARRP), and the Phenomenology and Risk 
Uncertainty Evaluation Program (PRUEP). The Zion PRA was performed at 
Idaho National Engineering Laboratories and Brookhaven National 
Laboratories. 

Table 1 is a list of the original primary documentation and the 
corresponding revised documentation. There are several items that should 
be noted. First, in the original NUREG/CR-4550 report, Volume 2 was to 
be a summary of the internal analyses. This report was deleted. In 
Revision 1, Volume 2 now is the expert judgment elicitation covering all 
plants. 

Volumes 3 and 4 include external events analyses for Surry and Peach 
Bottom. External events for Sequoyah, Grand Gulf and Zion will be 
analyzed in follow-up studies after NUREG-1150 is published. 

The revised NUREG/CR-4551 covers the analysis included in the original 
NUREG/CR-4551 and NUREG/CR-4700. However, it is different from NUREG/CR- 
4550 in that the results from the expert judgment elicitation are given 
in four parts to Volume 2 with each part covering one category of issues. 
The accident progression event trees are given in the appendices for each 
of the plant analyses. 

Originally, NUREG/CR-4550 was published without the designation "Draft 
for Comment." Thus, the final revision of NUREG/CR-4550 is designated 
Revision 1. The label Revision 1 is used consistently on all volumes, 
including Volume 2 which was not part of the original documentation. 
NUREG/CR-4551 was originally published as a "Draft for Comment" so, in 
its final form, no Revision 1 designator is required to distinguish it 
from the previous documentation. 

There are several other reports published in association with NUREG-1150. 
These are: 

NUREG/CR-5032, SAND87-2428, Bodelinn Time to Recovery and Initiating 
Event Freauencv for Loss of Off-site Power Incidents at Nuclear Power 
Plants, R. L. Iman and S .  C .  Hora, Sandia National Laboratories, 
Albuquerque, NM, January 1988. 

NUREG/CR-4840, SAND88-3102, Methodolonv for External Event Screening 
Q:, M. P. Bohn and J. A. Lambright, 
Sandia National Laboratories, Albuquerque, NM, July 1989. 
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NUREG/CR-4772, SAND86-1996, Accident Sesuence Evaluation Program 
Human Reliability Analvsis Procedure, A. D. Swain 111, Sandia 
National Laboratories, Albuquerque, NM, February 1987. 

NUREG/CR-5263, SAND88-3100, The Risk Manaeement - Implications of 
NUREG-1150 Methods and Results, A. L. Camp et al., Sandia National 
Laboratories, Albuquerque, NM, May 1989. 

A Human Reliability Analvsis for the ATWS Accident Sequence with MSIV 
Closure at the Peach Bottom Atomic Power Station, A-3272, W. J. 
Luckas, Jr. et al., Brookhaven National Laboratory, Upton, NY, 1986. 

A brief flow chart for the documentation is given in Figure 2. Any 
related supporting documents to the back-end NUREG/CR-4551 analyses are 
delineated in NUREG/CR-4551. A complete list of the revised NUREG/CR- 
4550, Revision 1 volumes and parts is given below. 

General 

NUREG/CR-4550, Revision 1, Volume 1, SAND86-2084, Analvsis of  Core 
Damage Freauencv: Methodolow Guidelines for Internal Events. 

NUREG/CR-4550, Revision 1, Volume 2, Part 1, SAND86-2084, Analysis of 
Core Damage Freauency: Expert Judnment Elicitation on Internal 
Events Issues - EXDert Panel. 

NUREG/CR-4550, Revision 1, Volume 2, Part 2 ,  SAND86-2084, Analvsis of 
Core Damage - Frequency: Expert Judgment Elicitation on Internal 
Events Issues - Project Staff. 

Parts 1 and 2 of Volume 2, NUREG/CR-4550 were published in one binder. 
This volume was published in April 1989 and distributed in May 1989 with 
an incorrect title, i.e., Analysis of Core Damage Frequency from Internal 
Events: Expert Judgment Elicitation, without the Revision 1 designation. 
The complete, correct title is: NUREG/CR-4550, Revision 1, Volume 2, 
SAND86-2084, Analysis of Core Damage Frequency: Expert Judgment 
Elicitation on Internal Events Issues. 

Surry 

NUREG/CR-4550, Revision 1, Volume 3 ,  Part 1, SAND86-2084, Analysis of 
Core Damage Freauencv: Surrv Unit 1 Internal Events. 

NUREG/CR-4550, Revision 1, Volume 3 ,  Part 2 ,  SAND86-2084, Analvsis of 
Core Damaee - Freauencv: Surrv Unit 1 Internal Events Appendices. 

NUREG/CR-4550, Revision 1, Volume 3 ,  Part 3, SAND86-2084, Analvsis of 
Core Darnage Freauencv: Surry Unit 1 External Events. 
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Peach Bottom 

NUREG/CR-4697, EGG-2464, Containment Venting Analvsis for the Peach 
Bottom Atomic Power Station, D. J. Hansen, et al., Idaho National 
Engineering Laboratory (EG&G Idaho, Inc.) February 1987. 

NUREG/CR-4550, Revision 1, Volume 4, Part 1, SAND86-2084, Analvsis of 
Core Damaee - Freauencv: Peach Bottom Unit 2 Internal Events. 

NUREG/CR-4550, Revision 1, Volume 4, Part 2, SAND86-2084, Analvsis of 
Core Damaee Freauencv: Peach Bottom Unit 2 Internal Events 
A m .  

NUREG/CR-4550, Revision 1, Volume 4, Part 3 ,  SAND86-2084, Analvsis of 
Core Damaee - Freauencv: Peach Bottom Unit 2 External Events. 

Seauovah 

NUREG/CR-4550, Revision 1, Volume 5, Part 1, SAND86-2084, Analvsis of 
Core Damape - Freauencv: Sequoyah Unit 1 Internal Events. 

NUREG/CR-4550, Revision 1, Volume 5, Part 2, SAND86-2084, Analvsis of 
Core Damaee - Freauencv: Seauovah Unit 1 Internal Events Appendices. 

Grand Gulf 

NUREG/CR-4550, Revision 1, Volume 6, Part 1, SAND86-2084, Analysis of 
Core Damage Freauencv: Grand Gulf Unit 1 Internal Events. 

NUREG/CR-4550, Revision 1, Volume 6, Part 2, SAND86-2084, Analvsis of 
Core Damaee Freauencv: Grand Gulf Unit 1 Internal Events Appendices. 

NUREG/CR-4550, Revision 1, Volume 7 ,  EGG-2554, Analvsis of Core 
Damage Freauencv: Zion Unit 1 Internal Events. 
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A. SUPPORTING THERMAL-HYDRAULIC ANALYSIS 

This appendix describes the thermal-hydraulic calculations used in 
support of the Peach Bottom probabilistic risk analysis. Plant specific 
calculations and calculations for other plants were used in support of 
three areas: 

o To determine behavior during an Anticipated Transient 
Without Scram (ATWS), 

o To determine timing of important phenomena, and 

o To help determine success criteria. 

The calculations used in all three areas are discussed in the fo1lo.c 
sections. 

A. 1 ATWS SuDDorting Calculations 

ing 

The thermal-hydraulic information used in construction of the ATWS event 
tree was obtained from ATWS code simulations performed for Peach Bottom 
and from related studies. The ATWS code simulations were performed 
using the BWR-LTAS code [l] and are summarized in Table A-1. 

Other sources of information are General Electric generic ATWS analyses 
on boiling water reactors [ 2 ] ,  an Oak Ridge National Laboratory (OWL) 
ATWS Main Steam Isolation Valve (MSIV) closure analysis using Brown's 
Ferry as the model plant [ 3 ]  and an ATWS study by the Idaho National 
Engineering Laboratory [ 4 ] .  The Brown's Ferry results are generally 
applicable to Peach Bottom since both are BWR 4 reactors with MARK I 
containments. The results of the O W L  study are given in Table A-2. It 
should be noted that, while the thermal-hydraulic calculations for the 
other sources generally agree with the O W L  results, specific results do 
vary somewhat. This represents uncertainties in sequence timing and 
success criteria which are not explicitly analyzed in this study because 
of resource limitations. 

A. 2 Accident Sequence Timing Sumortine Calculations 

BWR-LTAS code calculations were performed to determine the following 
timing questions: 

o When core uncovery begins and when the core is uncovered 
down to two feet above the Bottom of the Active Fuel 
(BAF) following loss of coolant injection, and 

o When containment failure occurs given loss of containment 
heat removal and the status of the core at this time. 

For the boiloff calculation, the MSIV's were closed and no injection to 
the reactor vessel was allowed. The simulation started 30 sec after the 
initiating event and assumed that the Safety Relief Valves (SRVs) 
operated in the automatic mode. Reactor vessel pressure was relieved by 
a single SRV cycling between 1,115 psia and 1,015 psia. Since there was 
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Table A-2 

At ORNL for Brown's Ferry 
Summary of BWR-LTAS ATWS with MSIV Closure Runs Performed 

Run #1 - No Action 

0 

0 
0 

0 

0 

0 

RUII #2 - 

0 
0 
0 

0 

0 
0 

0 

0 

0 

0 

0 

RUII #3 - 

0 
0 

0 

0 
0 

Run #4 - 

0 

Run #5 - 

0 

HPCI switches to pool -8 min @ 1500F 
HPCI fails -15 minutes @ 200°F 
Automatic Depressurization System (ADS) actuates 
Low Pressure systems on - cycling up and down 
-30 - 4 5  min. - containment pressure closes SRVs 
-30 - 4 5  min. - containment fails 

All OK 

35 min - reactor shutdown 
Pool temp max -16O0F 
HPCI/RCIC start 
Manual rod insertion starts @ 3 minutes 
2 minutes - pool reaches 110OF; by 5 minutes - SLC started 
Lower level & control w/ HPCI & control pressure -900 psia 
All RHR cooling started by 10 minutes 
By 17 minutes - RHR cooling exceeds power into pool - max 
temp. -1600F 
Drywell pressure very low 
Increasing HPCI flow to put boron in core -30 min, 
All Over 

SLC OK - Rest Not OK (Including no level control) 

HPCI shift to pool -8 min 
HPCI fails from pool temp -190OF by -15 minutes 
RCIC/CRD still putting in water - SLC mixes water rises - RCIC 
trip on high level 
-50 - 60 minutes - pool max -200OF and increasing slowly 
Shutdown -50 - 60 minutes 

No Rod Insert, Rest OK 

Like (2) except: 
1 Max pool temp -30 min -1650F 
2 Shutdown -35 minutes 

No SLC, rest OK 

Like (2) except: 
1 -1 hr to shutdown 
2 
3 Heat capacity temperature limitations will be reached -20 

4 ADS inhibit not so important since depressurized anyway 
5 Max pool temp -1800F - 1850F 

By 30 minutes decay heat levels being reached 

minute - so depressurize and use LP systems 
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Table A-2 
Summary of BWR-LTAS ATWS with MSIV Closure Runs Performed 

At ORNL for Brown's Ferry (Concluded) 

R u ~  #6 - 

0 

0 

Run #7 - 

0 

Run #8 - 

0 

0 

0 

0 

Run #9 - 

0 

0 

0 

0 

No SLC/No Rod Insertion (Rest OK) 

By 2 hours, pool at -2300F pressure containment -30 psia 
By 10 hours, Temp - 345OF pressure fails containment 
& SLC/& Rods/m Pool Cooling 

By -2 hours - containment failure 

W/O Pool Cooling, all else OK 

Still shutdown -35 min. 
Max pool temp @60 min -1700F & rising slowly 
Now a TW - type sequence, need cooling by -24 hours 
Pressure (containment) is -50 psig @ 20 hours 

Stuck Open Valve(s) 

No big difference except run risk of low pressure injection 
1 valve - HPCI keeps going 
2 valves - HPCZ isolates on low pressure -15 min. 
Shutdown -30 - 35 minutes 
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no source of injection to the reactor vessel, the downcomer level fell 
steadily until it reached the TAF, 360" at 1685 sec and the 240 level, 2 
ft above the BAF, at approximately 4,065 sec as indicated in Figure A-1. 

For the containment failure calculation, the MSIV's were closed and 
numerous sources of injection to the reactor vessel were available for 
this accident sequence. The intent of the simulation was to determine 
the status of the core, intact or damaged, at the time of containment 
failure, at approximately 175 psia. It was hoped that the containment 
failure would occur prior to core damage, allowing the SRV's to reopen 
and enabling low pressure injection systems to supply water to the 
vessel, recovering the core. By definition, a water level of 2 feet 
above the bottom of active fuel, the 240" level, or higher would prevent 
core damage. 

The reactor vessel water level was maintained solely by the RCIC system 
pump in the initial phase of the accident, with the operator controlling 
reactor vessel water level between 500" and 540" as indicated in Figure 
A-2. No Control Rod Drive (CRD) pump injection was allowed initially, 
in order to allow the RCIC pump to maintain the level. The scenario 
proceeded in this manner until the suppression pool heat capacity limit 
was reached at 16,500 sec (4.6 hours) when the pool temperature reached 
approximately 1740F. At that point the reactor vessel was manually 
depressurized to a target range of 200 psia over a 10 minute period as 
indicated in Figure A-3. The 200 psia reactor vessel pressure level was 
high enough to allow the RCIC and HPCI turbine to function if demanded. 
The condensate pumps had been tripped, making them unavailable for 
injection as the reactor vessel depressurized below their shutoff 
pressures. The RCIC system pump continued to inject until the 
suppression pool temperature reached 2500F at 35780 sec (9.9 hours), 
where it tripped because of high pool temperature. (Note: The RCIC 
system was manually shifted to suppression pool suction at the same 
suppression pool level as the HPCI system would automatically shift, 
+ 7 . 0 " ) .  Although the HPCI system has not been demanded at that point in 
the accident, it became unavailable at the same time as the RCIC system 
for the same reason, the pump would trip because of high suppression 
pool temperature. At 36,000 sec (10.0 hours), the operator started a 
single CRD pump, and controlled the reactor vessel water level between 
546" and 582", delivering approximately 180 gpm to the reactor vessel in 
its depressurized state. The single CRD pump maintained the water level 
between the desired setpoints until the SRV's were forced closed by high 
containment atmosphere pressure, approximately 96 psia at that point, at 
97,100 sec (27.0 hours). With the reactor vessel sepressurized, the 
single CRD pump was able to maintain the collapsed water level at 
approximately 480" until the condensate storage tank depleted at 133,225 
sec (37 .O hours). At this point, all high pressure injection systems 
were unavailable, and the low pressure systems were unable to inject 
with the reactor vessel pressurized. Thus at this point, the vessel 
water began to boiloff. During this final boiloff phase, the collapsed 
water level fell rapidly, reaching the TAF, 360", at 139,925 sec (38.9 
hours). The 240" level, two feet above BAF, was reached at 147,500 sec 
(41.0 hours). When the 240" level was reached in the reactor vessel, 
the containment pressure was approximately 179 psia as indicated in 
Figure A-4. The drywell pressure atmosphere pressure reached 175 psia 
at 142200 sec (39.5 hours). 
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A. 3 Success Criteria Sumortine Calculations 

A BWR-LTAS calculation was performed to determine if use of the CRD 
system in the enhanced flow mode (defined as both pumps operating) can 
cool the core in loss of injection type sequences. The MSIV's were 
closed and only injection by the two CRD system pumps to the reactor 
vessel was allowed. The simulation started 30 sec after the initiating 
event and assumed that the SRVs were operating in the automatic actuation 
mode. Reactor vessel pressure was relieved by a single SRV cycling 
between 1,115 psia and 1,015 psia. It was assumed that a single CRD pump 
was in operation from the start of the simulation, 30 sec into the 
accident, and that it was pumping through its normal flowpath delivering 
109 gpm. At 1200 sec, the second CRD pump was brought on line with the 
flow path configured to allow an "enhanced flow of 212 gpm to the reactor 
vessel." That flow rate is sufficient to remove approximately 1.06% 
rated power. The reactor vessel level fell steadily at first but 
stabilized after 2000 sec as indicated in Figure A-5. The lowest 
collapsed water level was 364" reached at approximately 6900 sec. Beyond 
70,000 seconds, CRD loses suction head when the reactor is depressurized 
to avoid reaching the Heat Capacity Temperature Limit in the suppression 
pool. 

A second calculation was performed nearly identical to the previous 
calculation except the second CRD pump was initiated at 1800 sec. As 
indicated in Figure A-6, the collapsed water level dropped below the TAF 
reaching a minimum of 354" at approximately 6750 sec. The second CRD 
pump terminated the liquid level decrease. 

A.4 Calculations Involving ESW Flow Diversion 

During the Peach Bottom analysis, it became evident that in any accident 
involving loss of the Normal Service Water (NSW) system, failure of the 
Unit 2 or Unit 3 check valve 514 to reclose (a single failure) could 
provide a diversion path for Emergency Service Water flow back to 
Conowingo pond (refer to Figure 4.6.9-1 in the main report). If enough 
flow were diverted, essential loads such as the diesel generators, the 
various emergency coolant pumps, and pump rooms might not receive 
sufficient cooling. Estimates indicated that if diesel cooling were 
assumed insufficient, the station blackout contribution to the core 
damage frequency could double or even triple, particularly for loss of 
offsite power initiators (NSW would be lost). 

Considering this potentially important finding, PECO performed a series 
of calculations accounting for various anomalies in ESW operation. These 
include the possibility of one or both valve 514s failing open, pipe 
breaks in the vicinity of the check valves, and the possibility of using 
the Reactor Building Cooling Water heat exchangers which uses water 
otherwise available to other essential loads. Pages A-15 to A-31 
summarize the information supplied by PECO regarding these analyses. 

It is concluded on the bases of this work that backleakage failure of 
these check valves is not likely to cause insufficient cooling to most of 
the essential loads. Some degradation does occur for the pumps rooms 
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P H I LAD E LP H I A E LE CT R I C C 0 M PANY 
2301 MARKET STREET 

P.0 .BOX 8699 

PHILADELPHIA, P A  19101 

1215) 841-4000 

NUCLEAR ENGINEERING DEPARTMENT 

Mr. Wallis R. Cramond 
Reactor Systems Safety Analysis 
Division 6412 
Sandia National Laboratories 
Abuque rque , NM 8 7 1 8 5 

SUBJECT: Peach Bottom Atomic Payer Station 
Emergency Service Water (ESW) System Diversion 

REFERENCE: Letter, A. J. Marie (PECo) to W. R. C r m n d  (Sandia) 
dated Septerrber 30, 1988 

Dear Wally; 

The reference letter outlined the flow analysis quantlfying the 
amount of ESW diversion and its impact on cooling loads supplied by 
ESW. A more detailed discussion of the analysis is attached. 

In a recent discussion with G. A. Krueger, A. M. Kolaczkowski 
(SAIC) questioned the bounding nature of the ESW modes analyzed. 
the reference letter we indicated that the modes analyzed are considered 
bounding and conservative in that (1) It would not be expected that 
both interfacing check valves would be failed simultaneously and (2) 
initially 2 ESW punps would be operating. 

In 

The mode of operation in question would be one in which only one 
ESW punp would be operating with the Reactor Building Cooling Water 
(RBCW) heat exchangers requiring cooling In addition to other loads. 
This mode was not specifically analyzed but preliminary investigation 
using additional information indicates that there is sufficient flow 
margin available that one ESW punp can supply sufficient cooling water 
to the loads analyzed in m d e  E of the calculation in addition to the 
RBCW 1 oad. 

If we can be of any further assistance on this matter please 
contact G. A. Krueger. 

Very truly yours, 

A. J. Marie 
Acting Manager 
Nuclear E Environmental Section 

A t  t achmen t 

GAK/jet/10138802 
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!?r. T. C .  Shannon 
F h i l a d e ? ; h i a  E l e c t r i c  Company 
2 3 0 1  M a r k e t  S t r e e t  
? h i  1 a d  e l ?  h i  a ,  Pen n s y 1 v a n  i a 19 1 0 1 

S c k j e c t :  J c S  KO. 1 1 1 E ? 7 - ! C 4 - 3 E C ,  P h h i l a e e l z h i a  E lec t r i c  Co. 
P e a c h  Bottom A t o m i c  P o w e r  S t a t i o n ,  C n i t s  2 & 3 

R e f e r e n c e s :  1. BLT-24525 d a t e d  J u l y  f3, 1 9 8 8  . Doc. C o n t r o l  PJo 0 2 4 3 5 6  

2 .  T r a n s a c t r o n  O r d e r  g 9 4 6 0 8 0  

_. -2 C ~ l c - l a t i o n  1 0 3  Rev. 0 
d a t e d  8/1/88 

E n c l o s u r e s :  1. E e s u l t s  o f  2SE F l o w  A n a l y s i s  w i t h  
S e r v i c e  Water S u p p l y  C h e c k  V a l v e  
Fa i  lur e 

Dear Tom: 

E n c l o s u r e  1 i s  a summary of o u r  e n g i n e e r i n g  a n a l y s i s  tc 
d e t e r r i n e  t h e  e m e r g e n c y  s e r v i c e  w a t e r  ( E S P : )  flow t h r o u q h  
t h e  e m s r q e n c y  d i e s e l  Genera tor  i f  t h e  ESi.;/SG; check  v a l v e  
f a i l e d  i n  t h e  o p e n  position. 

T h e  r e s a l t s  of t h e  t w o  cases a r e :  

1. I f  t h e  s e r v i c e  water  s u p p l y  c h e c k  v a l v e  f a i l e d  o p e n  
with n o  p i p e  b r e a k  o n  t h e  s e r v i c e  wa te r  p i p i n q ,  
t h e  ESW s y s t e m  c a n  s t i l l  s u p p l y  a d e q u a t e  coc la f i t  
f l o w  t o  t h e  d i e s e l - g e n e r a t o r  h e a t  e x c h a n g e r s  a t  t h e  
c u r r e n t  a q i n q  c o n d i t i o n  ( a b o u t  1 5  ? e a r s  p l a n t  l i f e ) .  
M o d e r a t e  to r i n c r  f l s w  deficiencies a r e  e x p e c t e d  a t  
s a f e q u a r d  e q u i p m e n t  r o o m  c o o l e r s .  

T- 5 5 / 2  1 
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k l r .  T .  E .  Shannon  

P a g e  2 
ELP- < d L / F  

2 .  

Eecntel Power Corporation 

I f  t h e  s e r v i c e  water  s u p p l y  c h e c k  v a l v e  f a i l e d  
o p e n  w i t h  a g u i l l o t i n e  p i p e  b r e a k  o n  t h e  ESW t i e - i n  
p o i n t ,  a n d  o n e  ESW pump is  r u n n i n g ,  t h e  d i e s e l  
s e n e r a t o r  h e a t  e x c h a n q e r s  w i l l  r e ce ive  o n l y  a b o u t  5 0 %  
of t h e  r e q u i r e e  c o o l a n t  flow. I n  t h e  node of  r u n n i n g  
e m e r g e n c y  c o o l i n g  water pump a n d  b o o s t e r  pump,  o u r  
a n a l y s i s  showed t h a t  t h e r e  w i l l  b e  i n a d e q u a t e  NPSM a t  
t h e  b o o s t e r  ?urn? a n d  t h e  e m e r c e n c y  c o o l i n g  wa te r  pump 
w i l l  b e  s u b j e c t e d  t o  r u n - o u t  c o n d i t i o n s .  A rnoce was 
a l s o  a n a l y z e d  w i t h  t h e  booster  pum? t r i p p e d .  I n  t h i s  
mode t h e  ESW f l o w  t i h r o u g h  t h e  d i e s e i  g e n e r a t o r  h e a t  
e x c h a n g e r s  is o n l y  2 5 6  o f  t h e  r e q u i r e d  c o o l a n t  flow 
w i t h  t h e  c o o l i n q  water  d i s c h a r g i n g  t h r o u g h  t h e  b r e a k  
p o i n t s .  

T h i s  c o m p l e t e s  o u r  s c o p e  f o r  t h e  a b o v e  e n g i n e e r i n g  a n a l y s i s .  

i f  you  h a v e  a n y  q c e s t i o n s ,  p l e a s e  c a l l  W. F e i r  a t  (415) 
768-3525 .  

A c t i o n  Items 
None 

- 

V e r y  t r u l y  y o u r s ,  

4 .  A -  P e A  &r 

E .  D. P a t e l  
P r o  j ec t En? i n e e r  

Xr i t t e n  R e s p o n s  e R e q  ' d  : No 

WF/OAN ( M A )  : md 

c c :  W .  C .  K i e d e r s u m ,  w/a 
? h i l a d ? l p h i a  E l e c t r i c  C o .  

T -55 /21  
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A t t a c h m e n t  t o  BLP- a#c/? J o b  rlo. 1 1 1 8 7 - 1 0 4 - 0 8 0  

0% 1647 
R e s u l t s  o f  ESW Flow A n a l y s i s  --------------- 

1. 

2 .  

3 .  

P u r p o s e  

T h e  p u r p o s e  o f  t h i s  e n g i n e e r i n g  a n a l y s i s  i s  t o  c a l c u l a t e  
t h e  d i e se l  g e n e r a t o r  h e a t  e x c h a n g e r  c o o l a n t  f l o w s  d u r i n g  
t w o  emergency  s e r v i c e  water ( E S W )  o p e r a t i o n  modes a n d  t w o  
cases of  a s s m e d  s e r v i c e  w a t e r  (SC.7) s u p p l y  c h e c k  v a l v e  
f a i l u r e .  

Cases  A n a l i s e d :  - -- 
S e r v i c e  Water S u p p l y  F a i l u r e :  

Case 1: 

Case 2: 

ESW mode 

Mode E: 

Mode F:  

Mode F3: 

S e r v i c e  wa te r  s u p p l y  c h e c k  v a l v e  2-514 and  3 - 5 1 4  
b o t h  f a i l e d  o p e n ,  ESX flows p a r t l y  d i v e r t e d  t o  
t h e  U n i t  2 a n d  3 d i s c h a r o e  c u l v e r t .  

S e r v i c e  water s u p p l y  l i n e  a t  t i e - i n  p o i n t  t o  
ZSW s y s t e n  e x p e r i e n c e  q : : i l lo t ine  break .  
ESW f l o w  is  d i s c h a r g e d  t h r o u g h  t h e  b r e a k s  cf 
e a c h  u n i t ,  a n d  i t s  o r i g i n a l  mode d i s c h a r o e  
p o i n t .  

s t u d i e d :  

two u n i t s ,  o n e  ESW pump (psrn? A assun!ed) 
o p e r a t i o n ,  a l l  r e d u n d a n t  coolers ,  a l l  
f o u r  d i e s e l  g e n e r a t o r s ,  n o  RBCW, r e t u r n  
t o  pond t h r o u g h  o v e r f l o w .  

two u n i t s ,  o n e  ECW pump a n d  o n e  boos t e r  
pump, a l l  r e d u n d a n t  coolers ,  a l l  f o u r  
d i e s e l  g e n e r a t o r s ,  no  RBCW, r e t u r n  t o  
e m e r g e n c y  c o o l i n g  tower.  

same a s  mode F e x c e p t  a s s u m i n g  t h a t  t h e  b o c s t e r  
pump f a i l e d  d u e  t o  i n a d e q u a t e  NPS'rl ( s t u c i e d  for 
case  2 o n l y )  

--- A s s u m p t i o n s  

A s s u m p t i o n s  for  B o t h  Cases:  

1. ESW v a l v e s  f o r  t h e  d i e s e l - g e n e r a t o r  h e a t  e x c h a n g e r s  
a r e  n o t  t h r o t t l e d .  

T-55/21 
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2 .  S a f e g u a r d  e q u i p m e n t  room coo le r s  v a l v e s  a r e  t h r o t t l e d  a t  
p o s i t i o n s  f o r  ESW f l o w .  ESW r i n g  h e a d e r  s u p p l y  p i p i n g  
h a s  b e e n  c h a n g e d  f rom 4 "  0 t o  6 "  0. 

3. Loss o f  i n s t r u m e n t  a i r ,  n a m e l y  s e c o n d a r y  and  p r i m a r y  
room coolers  a r e  s u p p l i e d  w i t h  ESW b e c a u s e  t h e  a i r  
o p e r a t e d  v a l v e s  f o r  t h e  coolers  h a v e  f a i l e d  o p e n .  

4 .  F o r  S o t 5  c a s e s ,  t w o  ESW f l o w  p a t h s  w i l l  b e  a n a l y z e d :  

a )  F r o m  ESW pumphouse  ( a l l  s l u i c e  g a t e s  o p e n ) ,  o n e  ESP; 
pump , s a f e ~ u a r c  e q u i p r e n t  roorr. coo le r s  D/G H, , Sack 
t o  t h e  d i s c h a r g e  p o n d .  RBCW h e a t  e x c h a n g e r s  a r e  
i s o l a t e d .  

2 )  From e m e r q e n c y  c o o l i n g  tower b a s i n ,  e m e r g e n c y  c o o l i n g  
w a t e r  pump, s a f e q u a r d  e q u i p m e n t  room c o o l e r s ,  D/G E x ,  
ESK b o o s t e r  pump,  5ack  t o  t h e  e r r ,e rgency  c o o l i n q  tower.  
R3CW hea t  e x c h a n g e r s  a r e  i s o l a t e d .  

5 .  C o n s i d e r  a p i g i n q  sysrer r ,  a g e d  a t  15 y e a r s  3 ~ t  ~ e w l  Y 
c l e a n e d  h e a t  e x c  h a n g e r s / c o o l e r s .  

6 .  P i p i n g  e q u i v a l e n t  l e n g t h s  f o r  PBAPS U n i t  3 is  a p p r o x -  
i m a t e l y  c l o s e  t o  t h c s e  o f  U n i t  2 .  T h e r e f o r e  t h e  r e s u l t  
o f  t h e  s t u d y  f o r  U n i t  2 w i l l  b e  t h e  same f o r  U n i t  3 .  

S p e c i f i c  k s s u x p t i o n s  f o r  Case 1: 

1. D e t a i l e d  f l o w  n e t w o r k  a n a l y s i s  i s  n o t  a v a i l a b l e  f o r  
PBAPS s e r v i c e  w a t e r  s y s t e m ,  t h e r e f o r e  t h e  b a s i s  f o r  t h e  
s e r v i c e  w a t e r  e q u i v a l e n t  r e s i s t a n c e  w i l l  b e  a p p r o x i m a t e d  
f r o m  e x i s t i n g  s e r v i c e  water  d e l t a - ?  c a l c u l a t i o n s  
( m i c r o f i l n :  81906 t o  1 9 2 7 ) .  T h e  p a t h  o f  l e a s t  r e s i s t a n c e  
t o  t h e  b a c k f l o w  a p p e a r s  t o  b e  t h r o u g h  t h e  g e n e r a t o r - s t a t o r  
coolers  t h r o u c h  t n e  s p i l l o v e r  l i n e  a t  e l e v a t i o n  1 2 9 ' - 6 " .  

2 .  G e n e r a t o r  s t a t o r  coo le r  CV-2687 a n d  4 "  P; Globe v a l v e  a r e  
f o r  w i n t e r  o p e r a t i o n  u s e  o n l y  t h e r e f o r e  a r e  c lcsed  d c r i n G  
summer o p e r a t i o n .  F l o w  i s  t h r o u g h  1 0 "  a b u t t e r f l y  v a l v e  
t h a t  i s  f u l l y  o p e n .  

3 .  S e r v i c e  w a t e r  pump d i s c h a r g e  c h e c k  v a l v e s  a r e  c l o s e d  w i t h  
n e g l i g i b l e  b a c k f l o w  l e a k a g e .  

4 .  B a c k f l o w  t h r o u q h  t h e  o t h e r  n e t w o r k s  i s  n e g l i g i b l e  because  
t h e  s p i l l - o v e r  l i n e s  a r e  much h i g h q  i n  e l e v a t i o n  t h a n  
t h e  s t a t o r  c o o l + r  s 2 i l l - o v e r  l i n e .  
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0 24 63: ' 

C, o f  b a c k f l o w  p a t h  from c h e c k  v a l v e  2 - 5 1 4  t o  d i s c h a r q e  
c u l v e r t :  

C, d e f i n e d  a s :  E q u i v a l e n t  F l o w  C o e f  f i c  i e n t  

0 Q = f l o w  i n  gpm ( 6 0 0  gpm) 
/ D e l t a - P  D e l t a - P  = P i p e  p r e s s .  f r i c t i o n  loss, 
--- c, = 

i n  p s i  ( 3 . 5 2 7  p s i )  

C ,  f o r  p i p i n g  o n l y  = 3 1 9 . 0  
( c l e a n  p i p i n c )  

Two g e n e r a t o r - s t a t o r  cooler  a r e  i n  s e r i e s .  
C = 2 0 0 0  qpm 

D e l t a - P  = 1 5 . 9  p s i  e a c h  c o o l e r ,  
( c l e a n  t u b e s )  

R e s u l t  o f  A n a l y s i s :  

Czse  I: T h e  d i e s e l  g e n e r a t o r  h e a t  e x c h a n c e r s  c o c l a n :  
f l o w  meet or  e x c e e d  t h e  d e s i g n  r e q u i r e m e n :  
o f  5 5 0  gpm i n  b o t h  mode E and  F o p e r a t i o n s .  

I n  mode E ,  R C I C  pump room c o o l e r s  a n d  Core 
S p r a y  pump motor o i l  coo le r s  meet f l o w  
r e q u i r e m e n t .  R H R  pump s e a l  we te r  coc ie r s  
h a v e  v e r y  m i n c r  f low d e f i c i e n c y .  Ail o t h e r  
s a f e g u a r d  e q u i p m e n t  room coo le r s  h a v e  a b o u t  
20  t o  3 0 %  f low d e f i c i e n c i e s .  

I n  mode F ,  t h e  f l o w  d e f i c i e n c i e s  o f  Core S p r a y  
pump room coo le r s  and  some o f  RHR room coolers  
a r e  v e r y  n i n o r .  The  f l o w  a t  HPCI purr,? rocm 
c o o l e r s  is  s h o r t  a t  a b o u t  1 5 %  o r  less.  

Case 2 :  i n  mode E, t h e  d i e s e l  G e n e r a t s r  h e a t  e x c h a n g e r s  
h a v e  o n l y  a b o u t  5 0 %  o f  t h e  r e q u i r e d  flow passins 
t h r o u g h .  P a r t  o f  t h e  d i e s e l  g e n e r a t o r  r e t c r n  
f l o w  f l o w s  b a c k w a r d  t h r o u g h  t h e  s a f e c u a r d  
e q u i p m e n t  room coo le r s .  

I n  mode F ,  t h e  t h e o r e t i c a l  c a l c u l a t i o n  r e s u l t s ,  
a s s u m i n g  n o  f l a s h i n g  w i l l  o c c u r ,  i n d i c a t e d  t h a t  
t h e  s u c t i o n  p r e s s u r e  a t  b o o s t e r  pum? would b e  
-18.15 p s i g .  S i n c e  t h i s  n e c a t i v e  a b s o l u t e  
p r e s s u r e  is n o t  p o s s i b l e ,  i t  i s  c o n c l u d e d  t h a t  
t h e  boos te r  pump w o ~ l d  t r i p p e d  d u e  t o  i n a d e q u a t e  
NPSH. I f  t h e  booster pump wou ld  n o t  t r i ??ed ,  
t h e  e m e r g e n c y  c o c l i n g  water pump w o u l d  b e  v e r y  
c l o s e  t o  t h e  r u n o u t  c o n d i t i o n  w h i l e  r u n n i n g  a t  
1 0 0 4 0  gpm. 

T-55/21 

A-20 



I n  mode F 3 ,  w h i c h  a s s u m e s  t h a t  t h e  booster pump 
f a i l e d  or t r i p p e d  d u e  to i n a d e q u a t e  NPSH, t h e  
d i e s e l  g e n e r a t o r  heat e x c h a n g e r s  e x p e r i e n c e d  
o n l y  a b o u t  1 1 0  t o  1 3 5  gpm coo lan t  f l o w .  T h e  
d i e s e l  g e n e r a t o r  r e t u r n  f l o w  c o u l d  n o t  r e t u r n  
t o  t h e  c o o l i n g  tower, if istead, r e t u r n  ( b a c k -  
ward )  t h r o u q h  s a f e g u a r d  e q u i p m e n t  room 
coolers  o f  b o t h  U n i t s  b e f o r e  d i s c h a r g e d  
t h r o u q h  t h e  b r e a k  p o i n t s .  T h e  e m e r g e n c y  
c o o l i n g  water  pump may a l s o  b e  v e r y  c l o s e  
t o  t h e  r u n o u t  c o n d i t i o n  w n i i e  r u n n i n g  a t  
9930  ~ ? x .  

T h e  f l o w s  o f  t h e  d i e s e l  g e n e r a t o r  and o t h e r  ECCS coo le r s  f o r  
t h e  d i f f e r e n t  cases  a n d  nodes a r e  t a b u l a t e d  i n  F i g .  1.1 
t h r o u g h  1.5.  
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PHILADELPHIA ELECTRIC CO M PANY 
2301 MARKET STREET 

P.O. BOX 8699 

PHILADELPHIA. P A  19101 

1215) 841-4000 NOV 23 1988 
NUCLEAR ENGINEERING DEPARTMENT 

Mr. Wallis R. Cramond 
Reactor Systems Safety Analysis 
Division 6412 
Sandia National Laboratories 
A1 buquerque, NM 87 185 

SUBJECT: Peach Bottom Atomic Pckyer Station 
Emergency Servlce Water (ESW) Diversion 

REFERENCE: Letter, A. J. Marie (PECo) to W. R. Cramond 
(Sandia) dated October 14, 1988 

Dear Wal ly, 

The reference letter descrlbed preliminary Investigation into an 
ESW mode of operation which would require the accounting of  Reactor 
Building Cooling Water (RBCW? load in addition to other cooling loads 
requlrlng ESW. 
performed to establish the effects of RBCW operation on flaw diversion 
from the diesel generators. Attached is a copy of this analysis. 

Subsequently a detailed flow analysis has been 

The mode of operation analyzed assunes one ESW punp in operation 
in conjunction wlth the Unit 2 ESW/Service Water interface check valve 
failed open. The RBCW heat exchangers must be manually valved In, and 
as such the period of time prior to valvlng in RBCW would be represented 
by previous analyses. 

The analysis indicates that the d e  of operation described 
results in a degraded room cooling flav but design flaw to the diesel 
generators is maintained. 
analyzed does not provide any indication of loss of emergency AC power 
based upon diversion through the interface check valves. 

This mode of ESW operatlon or the others 

If we can be of further assistance on this matter please contact 
G. A. Krueger. 

Very truly yours, 

A. J. Marie 
Acting Manager 
Nuclear and Environmental Section 

GAK/bls/11158803 
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Bechtel Power Corporation 
E~--Conrtructm 

Fay Beale Street 

San Franctsco. Califomla 
Mail Address: P.O. Box 3965, San Francisco. CA 941 19 

C o n t r a c t  #ME- 387472 

In  r e p l y  l ease  r e f e r e n c e :  
BLP- aJ?do< 
Ibc. C o n t r o l  No. ' )25U&35 

M r .  T. Shannon 
P h i l a d e l p h i a  E lec t r i c  Company 
230 1 Market  Street 
P h i l a d e l p h i a ,  P e n n s y l v a n i a  1 9 1 0 1  

N O V  1 1 1988 

S u b j e c t :  Job No. 11187-104-080,  P h i l a d e l p h i a  E lec t r ic  Co. 
P e a c h  Bottom A t o m i c  Power  S t a t i o n ,  U n i t s  2 & 3 

ESW Flow N e t w o r k  A n a l y s i s  w i t h  S e r v i c e  Water 

Dea r Tom: 

R e f e r e n c e :  BLP-24617 d a t e d  8 / 2 9 / 8 8  
( I b c u m e n t  C o n t r o l  1 0 2 4 6 4 7 )  

E n c l o s u r e s :  1. ESW N e t w o r k  A n a l y s i s  Summary 
a n d  R e s u l t s  f o r  two Modes o f  
o n e  U n i t  ESW O p e r a t i o n  & a 
S e r v i c e  Water S u p p l y  C h e c k  
Va l v e  F a i l u r e  

2. Flow Diagram f o r  Mode E4 
3. Flow D i a g r a m  f o r  Mode €4  

The f o l l o w i n g  is a complete r e p l y  t o  t h e  t e l e c o n  r e q u e s t  of 
y o u r  M r .  C. Wiede r sum t o  o u r  M r .  W. F e i r  d a t e d  O c t o b e r  14, 
1 9 8 8  t o  p r o v i d e  a d d i t i o n a l  ESW n e t w o r k  a n a l y s i s .  Two modes  
of o n e  U n i t  ESW flow a n a l y s i s  w i t h  f a i l u r e  o f  t h e  s e r v i c e  
water  s u p p l y  check v a l v e  i n  t h e  o p e n  p o s i t i o n  was performed. 
E n c l o s u r e  1 p r o v i d e s  t h e  summary of t h e  a n a l y s i s .  E n c l o s u r e s  
2 C 3 a r e  t h e  t a b u l a t i o n s  of t h e  f l o w s .  

P l e a s e  a d v i s e  i f  you  r e q u i r e  a d d i t i o n a l  d a t a .  

Ve.ry t r u l y  y o u r s ,  

E.'t. 'Parer 
W r i t t e n  R e s p o n s e  Req 'd :  No P r o j e c t  E n g i n e e r  
CWL/OAN(MA) : n c  
cc: Mr. C. Wiede r sum,  w / a  PECo 
T- 1/9 
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E n c l o s u r e  1 t o  BLP- s f k - s  
m50bS 

ESW N e t w o r k  F l o w  Analysis-Summary R e s u l t s  
f o r  Two Modes of One U n i t  ESW O p e r a t i o n  

w i t h  a S e r v i c e  Water S u p p l y  C h e c k  V a l v e  F a i l u r e  

P e r  P E C o ' s  r e q u e s t  a n  a d d i t i o n a l  two modes o f  o p e r a t i o n  f o r  
t h e  case  1 s e r v i c e  water  c h e c k  v a l v e  a n d  i s o l a t i o n  v a l v e  
f a i l u r e  s c e n a r i o  ( R e f e r e n c e  1 )  was p e r f o r m e d .  

case  1: 

mode E4 

mode F4 

T h e  s t u d y  was 
c o n d i t i o n .  

S e r v i c e  water  s u p p l y  c h e c k  v a l v e  2-514 a n d  
3-514 b o t h  f a i l e d  o p e n  w i t h  n o  p i p e  b r e a k ,  
ESW f l o w s  p a r t l y  d i v e r t e d  t o  t h e  U n i t  2 a n d  3 
d i s c h a r g e  c u l v e r t  ( R e f e r e n c e  1 ) .  One u n i t  ESW 
o p e r a t i o n ,  a l l  coolers (LOA, loss of a i r ) ,  f o u r  
D G s ,  w i t h  o n e  RBCW Hx. 

One ESW pump o p e r a t i n g  ( b o p  A ) ,  s u c t i o n  f r o m  
r i v e r  LWL 98.5 f t . ,  r e t u r n  t o  r i v e r  o v e r f l o w  a t  
e l .  136 f t ,  a n d  o n e  u n i t  S e r v i c e  Water c u l v e r t  
a t  e l .  196 .5  f t .  

T h e  ECW pump a n d  o n e  ESW booster pump o p e r a t i n g ,  
s u c t i o n  f r o m  e m e r g e n c y  c o o l i n g  tower b a s i n  
water  l e v e l  e l .  1 1 7  f t , , r e t u r n  t o  o n e  
e m e r g e n c y  cooler tower a t  e l .  1 8 0 . 5  f t ,  
a n d  o n e  u n i t  S e r v i c e  Water c u l v e r t  a t  e l .  
1 9 6 . 5  f t .  

p e r f o r m e d  f o r  t h e  a s - b u i l t  1 5  y e a r s  p l a n t  a g i n g  

I t  s h o u l d  be n o t e d  t h a t  i n  t h e  o n e  u n i t  ESW o p e r a t i o n ,  t h e  
u n i t  i s o l a t i o n  v a l v e  2-503 o r  3-503 is c l o s e d  f o r  t h e  i s o l a t e d  
u n i t  s a f e g u a r d  e q u i p m e n t  room coolers ,  a n d  t h e  a p p r o p r i a t e  
RBCW i s o l a t i o n  v a l v e  33-520A a n d  B a r e  a l s o  closed a c c o r d i n g l y .  
V a l v e s  0-517 a n d  0-518 a r e  o p e n  d u r i n g  t h e  o n e  u n i t  o p e r a t i o n .  

S i n c e  o n l y  o n e  u n i t  is r u n n i n g  on t h e  ESW s y s t e m ,  t h e  s e r v i c e  
w a t e r  s y s t e m  c h e c k  v a l v e  f a i l e d  o p e n  s c e n a r i o  is a p p l i c a b l e  
t o  t h e  u n i t  i n  ESW o p e r a t i o n .  

T h e  r e s u l t s  o f  D G  coolers  a n d  s a f e g u a r d  e q u i p m e n t  a n d  room 
coolers c o o l a n t  f l o w  r a t e s  a re  t a b u l a t e d  i n  t h e  E n c l o s u r e s  
2 & 3. Diesel G e n e r a t o r  coolers meet the f l o w  m e a s u r e m e n t s  
of 5 5 0  gpm i n  both modes s t u d i e d .  

T- 1/9 
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which could cause a very late failure (10 hours or greater) of some core 
significantly affected. As the long term failure mode is not significant 
to the results, the backleakage failure mode of the 514 valves was not 
maintained in the analysis and is not considered in the ESW fault trees. 

A. 5 

ADS 
ATWS 
BAF 
BWR 
CRD 
HPCI 
MSIV 
ORNL 
RCIC 
RHR 
RV 
SLC 
SP 
SRV 
TAF 

A .  6 

Abbreviations 

Automatic Depressurization System 
Anticipated Transient Without Scram 
Bottom of Active Fuel 
Boiling Water Reactor 
Control Rod Drive 
High Pressure Coolant Injection 
Main Steam Isolation Valve 
Oak Ridge National Laboratory 
Reactor Core Isolation Cooling 
Residual Heat Removal 
Reactor Vessel 
Standby Liquid Control 
Suppression Pool 
Safety Relief Valve 
Top of Active Fuel 
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APPENDIX B 

PEACH BOTTOM SYSTEM FAULT TREES 



CONTENTS 

Sect ion 

Emergency Safeguards Actuation (ESF) . . . . . . . . . . . . .  
Automatic Depressurization (ADS) . . . . . . . . . . . . . . .  
Manual Depressurization (ADS) . . . . . . . . . . . . . . . . .  
Condensate System (CDS) . . . . . . . . . . . . . . . . . . . .  
Containment Spray System (CSS) . . . . . . . . . . . . . . . .  
Control Rod Drive (CRD-Enhanced Mode) . . . . . . . . . . . . .  
Control Rod Drive (CRD-One-Pump Mode) . . . . . . . . . . . . .  
Electric Power (ACP. DCP) . . . . . . . . . . . . . . . . . . .  
Emergency Service Water (ESW) . . . . . . . . . . . . . . . . .  
Emergency Ventilation (EHV) . . . . . . . . . . . . . . . . . .  
High Pressure Coolant Injection (HCI) . . . . . . . . . . . . .  
High Pressure Service Water (HSW) . . . . . . . . . . . . . . .  
Instrument Air (IAS) . . . . . . . . . . . . . . . . . . . . .  
Low Pressure Coolant Injection (LCI) . . . . . . . . . . . . .  
Low Pressure Core Spray (LCS) . . . . . . . . . . . . . . . . .  
Primary Containment Venting (PCV) . . . . . . . . . . . . . . .  
Reactor Building Cooling Water (RBC) . . . . . . . . . . . . .  
Reactor Core Isolation Cooling (RCI) . . . . . . . . . . . . .  

Standby Liquid Control (SLC) . . . . . . . . . . . . . . . . .  

Turbine Building Cooling Water (TBC) . . . . . . . . . . . . .  

Shutdown Cooling (SDC) . . . . . . . . . . . . . . . . . . . .  

Suppression Pool Cooling System (RHR/SPC) . . . . . . . . . . .  

B - 3  
B - 2 7  
B - 3 8  
B - 4 0  
B - 4 1  
B - 4 5  
B - 4 9  
B - 5 1  
B-  7 1  
B-  142  
B - 1 5 4  
B-  165  
B - 1 9 6  
B - 1 9 8  
B - 2 2 5  
B - 2 5 3  
B - 2 5 4  
B - 2 6 2  
B - 2 7 4  
B - 2 9 6  
B-  304 
B - 3 1 9  
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c.1 Introduction to the Accident Tables 

The analysis that was performed to calculate the values for the Human 
Reliability Analysis (HEW) is contained in this appendix. Two types of 
failures were studied for the HRA: pre-accident and post-accident. 
Section C.2 presents the pre-accident analysis; and, Section C.3 presents 
the post-accident analysis. 

The development and use of these tables in the Peach Bottom analysis is 
described in the notes given in Section C.2 and C.3 for each pre-accident 
and post-accident table. 

Pre-accident human actions were considered for all systems at Peach 
Bottom that are not normally operating. Of these, twelve systems 
required development of a pre-accident HRA table. These systems were: 
Actuation and Control, Automatic and Manual Depressurization, Control Rod 
Drive, Electric Power, Emergency Service Water, Emergency Ventilation, 
High Pressure Service Water, Low Pressure Coolant Injection, Low Pressure 
Core Spray, Reactor Building Cooling Water, Standby Liquid Control, and 
Turbine Building Cooling Water. 

Three post-accident tables were developed: 
W sequences and the special case of ESW-XHE-FO-EHS. 

loss of injection sequences, 

The pre-accident tables are listed alphanumerically by system. Within 
each system, the events are arranged alphanumerically. 

c.2 Analvsis of the Pre-Accident Human Actions 

Pre-accident actions are those operator actions performed before the 
accident begins. The methodology used to evaluate pre-accident human 
actions is described in detail in Volume 1 of the NUREG/CR documents 
(Methodology Guidelines) [ 3 ] .  However, in summary, the evaluation was 
performed in three major steps: 

(1) Identification of all the activities associated with 
performing the task (e.g., restoring valve after test) and 
identification of any dependence effects between the 
activities. 

(2) Identification of any potential for noticing and, thereby, 
correcting mistakes in failing to perform the activities. 

( 3 )  Evaluation of the human error probabilities using (1) and 
(2) above. 

Each system has potential for pre-accident faults. These three steps 
for evaluating the faults are used in three tables for each system. 
That is, the first table presents the activities and dependence 
effects for pre-accident faults associated with each system; the 
second table presents the determination of any potential recovery fo r  
each pre-accident fault for each system; and the third table presents 
the post-maintenance or post-calibration Human Error Probabilities 
(HEPs) . 
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The actual probabilities are calculated using the methodology 
developed in the "Accident Sequence Evaluation Program Human 
Reliability Analysis Procedure" [ 11 . 
The notes that describe each column in the tables are given below. 

Notes to Table "DeDendence Effects of Test and Maintenance Accidents": 

List system under investigation. 

For the applicable system, describe the task that the 
operator is performing (e.g., repair pump). 

For each task, describe the various activities that the 
operator must perform to complete the task and restore the 
system to its correct configuration. 

For each task, list the number of components the operator 
manipulates in performing the activities. If only one 
component is involved, there is no dependence to be 
evaluated and this table is not applicable. 

Note whether the system is a series or a parallel system. 
A system (or the activities) is considered a series system 
if failure of the operator to properly perform the 
activities on any one component prevents future success of 
the system. A parallel system would be one where the 
operator must fail the activities on all the components to 
prevent the system from performing its function. 

For each activity, identify the relative time between 
components in performing the activities; that is, the 
various activities on the different components occur or do 
not occur close in time. Close in time is defined as 
within two minutes. 

For each activity, identify the relative location of the 
components; that is, for the different components within 
the same "close time" reference, note whether the 
components are within the same visual frame of reference. 
Components are in the same "visual frame of reference" if 
the components are in view without the operator having to 
move (turn) his head (or within four feet of each other). 

For each activity and for the different components not 
within the same "visual" reference, note whether the 
operator is required to write down some information for 
each of the components. 

If the operator is not required to write anything for those 
components not within the same "visual" reference, note 
whether these components are then in the same general area. 
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The same general area can be defined as "four feet apart." 
If the answer is no, the analyst has done something wrong. 
In general, actions that take place within two minutes of 
each other should be at least in the same general area. 

(10) The dependence of the error of omission (EOM) and error of 
commission (ECOM) parts of the BHEP is determined. 

Series System - -  

ZD is assessed for both EOM and ECOM. 

Parallel System - -  

ZD is assessed for the ECOM. 

ZD is assessed for the EOM if activities do not occur 
within two minutes. 

ZD is assessed for the EOM if activities occur within 
two minutes but components are not in same visual 
frame of reference and the operator is required to 
record information on each component. 

CD is assessed for the EOM if activities occur within 
two minutes and components are in the same visual 
frame of reference. 

HD is assessed for the EOM if activities occur within 
two minutes but components are not in the same visual 
frame of reference and the operator is not required to 
record information on each component. 

Notes to Table "Identification of Recovery Factors": 

List system under investigation. 

For the applicable system, describe the task that the 
operator is performing (e.g., repair pump). 

For each task, describe the various activities that the 
operator must perform to complete the task and restore the 
system to its correct configuration. 

For each component, note whether there is a "compelling 
signal." This is a signal alarmed in the control room 
indicating incorrect instrumentation adjustments or 
component restorations before normal power operation can be 
resumed. 
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For each component, note whether a post-maintenance or 
post-calibration test will identify any incorrect 
restorations or adjustments. 

For each component, note whether a written checkoff list is 
used during the check by a second person verifying the 
status after the maintenance or calibration task, or if the 
checkoff list is used by the original operator at a 
different time and place from the original task. 

For each component, note whether there is a per shift or 
daily check on status using a written checkoff list. 

Based on Table 5-3 from Reference 1, select the appropriate 
case based on the above items. The value in Table 5-3 
includes the BHEP (EOM and ECOM) of 0.03, it should not be 
included here. 

The associated error factor for the Case identified in 
Column #8 is noted here. 

Notes to Table "Post-Maintenance or Post-Calibration HEPs": 

(1) List system under investigation, 

(2 )  For the applicable system, describe the task that the 
operator is performing (e.g., repair pump). 

( 3 )  For each task, describe the various activities that the 
operator must perform to complete the task and restore the 
system to its correct configuration. 

( 4 )  The number of components that the operator is restoring. 

(5 )  The Basic Human Error Probability (BHEP) , i.e., ECOM plus 
EOM is listed here. If the analyst feels there should be 
any changes to the BHEP because of inadequate procedures, 
etc., it should be accounted for here in this number and 
explained in the comment column. 

BHEP = ECOM + EOM 
= 0.01 + 0.02 - 0.03 

If you are determining, for example (as shown here), the 
failure of the operator to repair or restore a pump (or a 
room cooler) properly after the test or maintenance 
activity and that requires him to restore two valves where, 
in the first case, failure to restore either valve will 
fail the system, but only failure to restore both valves in 
the second case will fail the system, you do not 
necessarily calculate an HEP for each activity or for each 
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component. The equations in Column #7 take into account 
the number of components. What this means is that, in your 
fault trees, you would not have a failure to restore the 
pump (or room cooler) and failure to restore the valves. 
You have already taken this failure into account in the 
evaluation of the pump. Therefore, if you have this event 
for both the pump and the valves, it should be the same 
event. 

( 6 )  The appropriate recovery factors (from Table 2) are listed 
here. 

( 7 )  The BHEP is adjusted according to the dependence identified 
for the ECOM and EOM parts where: 

EOM - 0.02 
ECOM = 0.01 

n = number of components 
RF - recovery factor from Column 5 

(8) The Nominal Human Error Probability (NHEP) is equal to the 
adjusted ECOM and EOM from Column #7 (the resulting mean 
value is shown in the comments column). 

(9) The associated error factor of the NHEP is listed here. 
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C . 3  Analvsis of Post-Accident Human Actions 

Post-accident actions are those operator actions performed after the 
accident has started. The methodology used to evaluate post-accident 
human actions is described in detail in Volume 1 of the NUREG/CR 
documents (Methodology Guidelines) [ 3 ] .  However, in summary, the 
evaluation was performed in eight major steps: 

Identification of the sequence and subsequent accident 
conditions. 

Based on the cut set (and sequence), the timing of the events 
(i.e., occurrences, failures, alarms, indications, etc.) was 
established. 

Based on the cut set (and sequence), the symptoms and 
therefore the possible recovery actions (and required 
activities) were identified. 

The time available to the operator to diagnose and perform the 
action (and activities) was established. 

The probability of the operator failing to properly diagnose 
the accident w a s  determined. This considered such things as 
operator training, simulator exercises, etc. 

The type of recovery action (whether 'dynamic' or 'step-by- 
step') was determined considering such things as the plant 
using symptom-oriented procedures, operator training, etc. 

The stress level of the operator was determined considering 
such things as time available, difficulty of the action, 
training, etc. 

The probability of the operator failing to perform the 
recovery action was evaluated. 

In evaluating the accident sequences for potential recovery credit, the 
process was documented in a series of eleven tables as follows: 

(1) The first table identifies the accident sequence with a 
detailed description of the accident scenario. 

(2) The second table establishes the timing of the accident: 
timing of the' events, annunciators, alarms, etc. 

( 3 )  Based on Table 1, this third table identifies the symptoms and 
any potential recovery actions and those activities associated 
with action. 
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The time available for the operator to perform the recovery 
action is determined and documented in Table 4. 

The time it takes the operator to perform the action is 
determined and documented in Table 5. 

The amount of time the operator has to diagnose is determined 
and documented in Table 6 .  

The probability of the operator failing to diagnose is 
evaluated and documented in two tables (more than one abnormal 
event, Table 7, and one abnormal event, Table 8 ) .  

Table 9 identifies the 'type' of action the operator is 
performing. 

The 'stress' level of operators, considering the accident 
sequence, is determined and documented in Table 10. 

Considering the information from the previous tables, the 
probability of the operator failing to recover from the faults 
of the accident sequence is evaluated and documented in Table 
11. 

The actual probabilities are calculated using the methodology developed 
in the "Accident Sequence Evaluation Program Human Reliability Analysis 
Procedure" [ 11 . 
The following three cases are analyzed using the series of eleven tables 
for Post-Accident Human Actions: 

Loss of Injection Sequences (Tables C-37 through C-47) 
W Sequences (Tables C-48 through C-58) 
ESW-XHE-FO-EHS (Tables C-59 through C-69) 

The notes that describe each column in the tables are given below. 

Table 1 Notes [Refers to Tables C-37, C-48 and C-59 for the three cases 
analyzed]: 

(1) This should include a detailed description of the accident 
sequence under consideration; what functions and systems are 
failing and succeeding, what phenomena are occurring because 
of the failures and successes and their resulting effects, 
what is the final outcome of the sequence, etc. 

(2 )  The basic accident type is described here. 

(3) Because of the accident type and the "symptoms" of the 
accident, certain immediate conditions (i.e., entry 
conditions) are generated (e.g., reactor trip, low reactor 
water level, high drywell pressure, etc.). These immediate 
conditions are listed here. 
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( 4 )  From the accident conditions or symptoms, the operator is 
immediately directed into certain EOPs. These are listed 
here. Additionally, other relevant procedures are also listed 
here. 

Table 2 Notes [Refers to Tables C - 3 8 ,  C - 4 9  and C - 6 0  for the three cases 
analyzed]: 

See Step #1, page 6 - 9  and Step # 3 ,  page 8 - 3  of ASEP HRA 
procedures [l]. 

In accident sequences, there can be several cut sets that 
result in similar events where the occurrences (e.g., 
phenomena) are the same, and therefore the time, etc., is also 
exactly the same. 

The conditions that are generated as a result of the sequence 
(and cut sets) are listed and described here. 

The time from the occurrence of the initiator for each 
event/occurrence is listed here. 

Any annunciator that is alarmed for each condition and the 
indications that are available to the operator are listed 
here. 

Table 3 Notes [Refers to Tables C - 3 9 ,  C - 5 0  and C - 6 1  for the three cases 
analyzed]: 

See Step #2, page 6-10 and Step #4, page 8 - 3  of ASEP HRA 
procedures [l]. 

A general description of the basic events and the types of 
failures occurring are discussed here. 

The resulting symptoms or system failures are discussed. 

Whether the basic event is the first, second, third, etc., 
abnormal event is listed here. An abnormal event is an event 
that disrupts the normal conditions in the plant; e.g., 
initiating event or system failure subsequent to the 
initiating event. An event is considered to be a second, 
third, etc., abnormal event when the operator must use a 
different procedure. For example, the initiating event enters 
the operator in a certain procedure, if any event is covered 
by that procedure it is not considered an additional abnormal 
event. Also, if there is an additional abnormal event and if 
it occurs later in time (i.e., 15-20 min. after the first 
event), it is considered as a first abnormal event. 

The possible recovery actions that the operator could do 
(whether or not there is a procedure) are identified. 
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Whether or not there is a procedure for the possible recovery 
actions is noted and the various activities that the operator 
must do to accomplish the "recovery action" are described. 
Only the "major" performance type activities (e.g., 
depressurize, line up systems for injection, etc.) are listed 
here for analysis. The decision/indication type activities 
(e.g., "Is water level decreasing?", etc.) that are in the 
procedures are not analyzed in terms of obtaining a failure 
probability. It is generally assumed that the operator 
successfully "performs" these types of activities. However, 
if the answer to a procedural question involves conflicting 
signals, performing the task away from his normal location, 
etc., this could be considered as a major activity. 

Any additional comments, sources of information are discussed 
here. Additionally, whether the actions (and activities are 
skill-based or rule-based is identified, and why. RULE-BASED 
- -  the actions the operator performs are governed by written 
rules. SKIU-BASED - -  the actions the operator performs are 
governed by memory. 

-s [Refers to Tables C-40, C-51 and C-62 for the three cases 

(3 )  

(4) 

The possible recovery actions are listed. 

The last possible time at which, if the operator establishes 
the required function, subsequent core damage is prevented 
based on thermal hydraulic analysis. 

In many cases, the operator is not alerted to the failure at 
the time of the initiator. The time at which the operator is 
alerted that the failure (or symptom) has occurred. 

The time from which the operator is alerted to the problem to 
when he must perform the recovery actions is the maximum 
amount of time he has available to both diagnose and perform 
the identified activities. 

Any comments, notes, or sources of information are discussed 
here. 

Table 5 Notes [Refers to Tables C-41, C-52 and C-63 for the three cases 
analyzed]: 

See Step #3, page 6-10 and Steps #5, 6, and 7, pages 8-3 and 
8-4 of the ASEP HRA procedures [l]. 

(1) The major activities to be analyzed are listed. 

(2) In assessing the total time to perform the action, it is the 
minimum time in which the operator can perform the activity 
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that is required. Therefore, it is assumed that the operator 
knows the proper location. 

(3) For the same reason given above in #2, it is assumed that the 
operator knows where the activity needs to be performed. 

(4) For the same reason given above in #2, it is assumed that the 
operator understands and is experienced in the activity. 
Although it is assumed that the operator is knowledgeable in 
accomplishing the required action, any complexity and 
difficulty in performing the action should be factored into 
the time . 

(5) Ta is the sum of the travel time and performance time. 

Table 6 Notes [Refers to Tables C-42, C-53 and C-64 for the three cases 
analyzed]: 

See Step #4, page 6-10 and Step #7, page 8-4 of the ASEP HRA 
procedures [l]. 

(1) The resulting symptoms or system failures that need to be 
diagnosed are listed. 

(2) Tm is determined in Table 4. 

(3) Ta is determined in Table 5. 

(4) Time available to diagnosis is equal to Tm less Ta. 

Table 7 Notes [Refers to Tables C-43, C-54 and C-65 for the three cases 
analyzed]: 

See Step #9, pages 8-4 to 8-7 [l]. 

(1) In order to accomplish the action, the probability of 
misdiagnosis for each activity must be determined, given that 
the operator is required to perform a diagnosis for every 
activity . 

(2) If the analyst can determine that the probability of the 
operator failing to diagnose the event is negligible, then the 
remainder of the table is not applicable. Reasons for 
negligible diagnosis errors are discussed in the comment 
column. 

(3) See Table 3 for definition of abnormal event. 

(4) If there is more than one abnormal event, there is a 
probability that the operator will fail to recognize an 
additional occurrence of an event. Therefore, the probability 
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that subsequent abnormal events are not noticed needs to be 
estimated. This HEP is added to the final HEP. At the time 
of the second, third, etc., abnormal event, you need to 
determine the total number of annunciators being alarmed. 
Read down the column marked "Number of ANNs' to the total 
number of annunciators you have determined, then read straight 
across to the column marked Pr(F,); this is the HEP that the 
operator will fail to respond to the signal of the second, 
etc., abnormal event in the midst of the other annunciators. 

Based on Td (from Table 6)  an initial HEP for failure to 
diagnose is selected from Table 8-2. 

For reactor and containment parameters, see Table 2-1, page 
2 - 6  of the ASEP HRA procedures. 

It is assumed that misdiagnosis of scram is "epsilon" ( 4 E - 4 ) .  
The HEP for each action (or activity) should be adjusted 
accordingly (up or down) depending on whether the event is 
covered in training, the event is practiced by the operators, 
the event is well recognized and interviews indicate that all 
the operators are familiar with the accident, the event is 
practiced by the operators in simulator requalification 
exercises and the complexity of the sequence (e.g., 
conflicting readings). To adjust the HEP upward and downward, 
use the associated error factor to adjust. 

Table 8 Notes [Refers to Tables C - 4 4 ,  C-55 and C - 6 6  for the three cases 
analyzed] : 

See Step #9, pages 8 - 4  to 8 - 7  [l]. 

In order to accomplish the action, the probability of 
misdiagnosis for each activity must be determined, given that 
the operator is required to perform a diagnosis for every 
activity . 
If the analyst can determine that the probability of the 
operator failing to diagnose the event is negligible, then the 
remainder of table is not applicable. Reasons for negligible 
diagnosis errors are discussed in the comment column. 

Based on Td (from Table 6 )  an initial HEP for failure to 
diagnose is selected from Figure 8-1. 

For reactor and containment parameters see Table 2 - 1 ,  page 2 - 6  
of  the ASEP HRA procedures. 

It is assumed that misdiagnosis of scram is "epsilon" ( d E - 4 ) .  
The initial HEP is adjusted downward (use lower bound) or 
upward (use upper bound) depending on whether the plant uses 
symptom-oriented EOPs, the event is covered in the EOPs, the 
operators are trained on the EOPs and the EOPs are well 
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designed. Additionally, the HEP for each action (or activity) 
should be adjusted according to the complexity of sequence 
(e.g., conflicting readings). 

Table 9 Notes [Refers to Tables C - 4 5 ,  C-56 and C-67 for the three cases 
analyzed]: 

See Step #lo, pages 8 - 7  and 8 - 8  in the ASEP HRA procedures 
[I1 - 
In order to accomplish the action, the probability of 
misdiagnosis for each activity must be determined, given that 
the operator is required to perform a diagnosis for every 
activity. 

Any safety systems that were functioning and then fail are 
included here. 

The following conditions are met: 

(a) Plant uses symptom-oriented EOPs. 
(b) I E  (sequence) in question is covered in the EOPs. 
(c) Operators have been trained using the symptom EOPs. 
(d) EOPs are well designed (e.g., no inconsistencies, no 

potential for misleading or confusing statements or 
paths, etc.). 

An individual operator performs more than one activity 
involving more than one function without good indications 
(cues) for when he must shift from one activity to another. 

If any of the above items (#l, #2,  and #3) are not met, then 
the action (or activity should be classified as "dynamic" and 
not "step-by-step"). Generally, step-by-step is defined as a 
routine, procedurally guided set of stem when performed one 
at a time. 

Table 10 Notes [Refers to Tables C - 4 6 ,  C-57 and C-68 for the three cases 
analyzed]: 

See Step #lo, pages 8 - 7  and 8 - 8  in the ASEP HRA procedures 
[I1 - 
In order to accomplish the action, the probability of 
misdiagnosis for each activity must be determined, given that 
the operator is required to perform a diagnosis for every 
activity . 
The time ava€lable to diagnose and perform the action 
(activities) is less than two hours. 

This item is only applicable for PWRs. A large LOCA is 
assessed as extremely high stress until such time as 
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recirculation is established, then moderately high stress is 
assessed. 

In the course of the sequence, more than two safety systems 
fail. 

Operator is very experienced in the sequence regardless of the 
above circumstances. 

Extremely high stress is assessed if any of Items #2, #3, or 
#4 are met. However, if Item #5 is met, moderately high 
stress can be assessed. Additionally, the stress is adjusted 
to take into account such things as the "degree of burden," 
the complexity of the action (activity), how quickly the 
action (activity) needs to be performed, and the accessibility 
of the location. 

Table 11 Notes [Refers to Tables C-47, C-58 and C-69 for the three cases 
analyzed]: 

See Table 8-5, pages 8-13 and 8-14 in the ASEP HRA procedures 
[I1 - 

(5) 

In order to accomplish the action, given the operator must 
perform several activities in order to accomplish that action, 
the probability of failing to perform each activity needs to 
be determined. The HEP for the action is the sum of the HEPs 
for each activity (this assumes that failure of any of the 
associated activities results in failure of the action). 

As above, each "major" activity is analyzed. See Table 3 for 
definition of a major activity. 

This is the failure probability of the original operator 
performing the activity. The HEP is based on whether the 
activity is step-by-step, dynamic, moderately high stress, or 
extremely high stress (refer to Tables 9 and 10). The HEP is 
taken from either Item #3, #4, or #5 of Table 8-5 [l]. 

If recovery of the activity (action) made by the original 
operator is possible, the probability is for a second person 
(generally the shift supervisor) failing to correct the 
original operator. The HEP is based on whether the activity 
is step-by-step, dynamic, moderately high stress, or extremely 
high stress (refer to Tables 9 and 10). The HEP is taken from 
Item #6, #7 or #8 of Table 8-5 [l]. 

If the accident sequence is such that a third independent 
check (e.g., accident management team, second shift, etc.) 
comes into play in that they can possibly correct the error 
made by the "original operator and shift supervisor," a 
probability for them failing to do so is assessed. The HEP is 
based on whether the activity is step-by-step, dynamic, 

.. . 
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moderately high stress, or extremely high stress (refer to 
Tables 9 and 10). The HEP is taken from Item #6, #7, or #8 of 
Table 8-5 [l]. 

(6) The probability of failing to perform an action is the 
multiplication of the HEPs of Items #3, #4, and #5. 
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c.4 Abbreviations 

ACO 

ADS 
ANN 
A0 
ASEP 
ASLC 
ATWS 
BHEP 
CD 
co 
CR 
CRD 
cs 
CST 
ECCS 
ECOM 
EF 
EOM 
EOP 
Fw 
HCTL 
HD 
HEP 
HP 
HPCS 
HPT 
HRA 
HX 
LD 
LP 
LPCI 
LPCS 
MD 
MOV 
MI SV 
NHEP 
ONEP 
P&ID 
PCS 
PRA 
PS F 
RCIC 
RF 
RHR 
RO 
RPS 

Assistant Control (Room) Operator or Auxiliary Control (Room) 
Operator - both are licensed ROs 
Automatic Depressurization System 
Annunciator 
Auxiliary Operator, an Unlicensed Operator 
Accident Sequence Evaluation Program 
Alternate Standby Liquid Control System 
Anticipated Transient Without Scram 
Basic Human Error Probability 
Complete Dependence 
Control (Room) Operator, an SRO 
Control Room 
Control Room Drive 
Containment Spray 
Condensate Storage Tank 
Emergency Core Cooling System 
Error of Commission 
Error Factor 
Error of Omission 
Emergency Operating Procedure 
Feedwater 
Heat Capacity Temperatures Limit 
High Dependence 
Human Error Probability 
High Pressure 
High Pressure Core Spray 
Human Performance Technologies, Inc. 
Human Reliability Analysis 
Heat Exchanger 
Low Dependence 
Low Pressure 
Low Pressure Coolant Injection 
Low Pressure Core Spray 
Moderate Dependence 
Motor-Operated Valve 
Main Steam Isolation Valve 
Nominal Human Error Probability 
Off-Normal Event Procedure 
Piping and Instrumentation Diagram 
Power Conversion System 
Probabilistic Risk Assessment 
Performance Shaping Factor 
Reactor Core Isolation Cooling 
(Human Error) Recovery Factor 
Residual Heat Removal 
Reactor Operator 
Reactor Protection System (i.e., control rods) 
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RPV 
SLC 
SLO 
SP 
SPC 
S PT 
SRO 
SRV 
ss 
SSP 
ssw 
STA 
TAF 
T&M 
ZD 

c.5 

[ 3 1  

[41 

Reactor Pressure Vessel 
Standby Liquid Control System 
Senior Licensed Operator (same as SRO) 
Suppression Pool 
Suppression Pool Cooling 
Suppression Pool Temperature 
Senior Reactor Operator 
Safety Relief Valve 
Shift Supervisor 
Shift Superintendent 
Standby Service Water 
Shift Technical Advisor 
Top of Active Fuel 
Test and Maintenance 
Zero Dependence 
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An extensive plant-specific data analysis was not performed for the 
Peach Bottom analysis. However, a review was performed of plant data 
for a significant number of components considered likely to contribute 
to the dominant sequences once the analysis was complete. Table D-1 
lists those components for which a data review was performed. In each 
case, approximately five years worth of maintenance records, licensee 
event reports (LERs), and other incident records were reviewed, and 
estimates of component failures were made using this Peach Bottom 
specific information. Using statistical checks, these plant-specific 
estimates were compared by Sandia analysts with the generic data base 
documented in Volume 1 of this NUREG/CR report to see if sufficient 
differences existed such that the plant-specific data could not be 
represented by the generic data base. In virtually all cases, the use 
of the generic data base was determined to be representative of Peach 
Bottom's specific equipment operating histories, However, two sets of 
data were determined to be sufficiently different from the generic data 
base and so the Peach Bottom specific estimates were used. These were: 

(1) the diesel failure- to-start probabilities represented by 
ACP-DGN-LP-EDGA,B,C,D in the fault trees and, 

(2) the HPCI and RCIC turbine driven pump failure-to-run 
failure rates represented by HCI-TDP-FR-20S37 and 
RCI-TDP-FR-20S38 in the fault trees. 

The diesel failures were estimated at 3E-3 per demand instead of the 
generic value of 3E-2. This difference while seemingly large, was 
substantiated by three separate reviews of Peach Bottom diesel generator 
performance history. In the first review effort performed as part of a 
Nuclear Regulatory Commission (NRC) - sponsored program on Station 
Blackout, Oak Ridge National Laboratory (ORNL) arrived at a Peach 
Bottom - specific diesel generator failure-to-start probability of 
4E-3[1]. Later, in an update of that review, ORNL revised the estimate 
to 33-3[2]. The third estimate was determined as part of the beginning 
phases of this analysis in the Summer of 1985. At that time, the data 
analysts on the Peach Bottom team reviewed the diesel generator failure 
and demand history and independently arrived at a failure-to-start 
probability of 6.7E-3. It was recognized that this value may be 
somewhat conservative since the tendency was to count "questionable" 
failures as failures. Hence, recognizing this potentially conservative 
estimate, and relying on ORNL's more extensive and latest available 
analysis, the 3E-3 value was used as the mean estimate in this PRA 
effort. This data is believed to be indicative of a conscious effort by 
the Peach Bottom plant staff to improve and maintain diesel generator 
performance, which was instituted shortly after the Three Mile Island 
accident. 

In the case of the turbine-driven failure-to-run estimates, the 
plant-specific rate of 5E-3/hour or 5E-2 in 10 hours was used instead of 
values of the order of 1E-4 to lE-5/hour presented in an LER summary 
report [ 3 ] .  It was later found that this LER summary report erroneously 
based its value on plant operating time instead of pump operating time. 
Since then, the generic data base in Volume 1 now reflects values in the 
lE-3/hour range. 
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Table D - 1  
Components Reviewed for Failure History at Peach Bottom* 

EQUIPMENT FAILURE-TO- FAILURE-TO FAILURE-TO 
START RUN OPERATE 

HPCI pump including X 
turbine 

X 

RCIC pump including 
turbine 

X X 

LPCS motor pumps A,B, X 
C , D  (individually) 

X 

RHR/LPCI motor pumps X X 
A,B,C,D (individually) 

ESW motor pumps A,B 
(individually) 

X X 

HPSW motor pumps A,B, X X 
C , D  (individually) 

Valves (all types 
including MOV,SOV,AOV, 
check . . .)  for the 
following systems: 
HPCI 
RCIC 
LPCS 
RHR/LPCI 
ESW 
HPSW 

Miscellaneous: 
Diesel failure-to-start 
SRV demands and failure-to-reclose history 
Battery failures 
Common cause events 

* Both Units 

D - 4  



All other values in the analysis except for certain initiating event 
categories (discussed below) were estimated with generic data base 
values. These values were modified in some cases to reflect test 
intervals that are specific to Peach Bottom (e.g., specific test 
intervals for testing actuation circuits at Peach Bottom). So, for 
example, a generic hourly failure rate for actuation equipment was 
combined with Peach Bottom specific test intervals to arrive at a 
plant-specific failure on demand. However, these still use a generic 
value for the basis of the failure estimate. Human reliability values 
were similarly estimated using generic values as a basis but modified 
considering Peach Bottom-specific procedures, practices, degree of 
training, plant layout, etc. 

Based on Peach Bottom's actual operating history and plant specific 
features, the initiating event frequency estimates for three classes of 
initiators were arrived at using plant specific data. These included T1 
(loss of offsite power), T2 ( loss  of the PCS), and T3A, T3B, T3C (trip 
with PCS initially available, loss  of feedwater, and inadvertent opening 
of a primary system safety relief valve, respectively). 

The T1 event, specifically, was estimated using a detailed analysis 
whose methodology is reported in reference 4. In that analysis, Sandia 
staff coupled industry-wide experience with Peach Bottom's history of no 
total losses of offsite power and accounting for the plant's specific 
switchyard, grid, and weather factors, arrived at a Peach 
Bottom-specific estimate for the T1 initiator and the recovery potential 
as a function of time. That information is summarized in Figures D-1 
and D-2. 

Sufficient experience existed in the form of actual events to estimate 
the T3A and T3C transients for Peach Bottom. The T3A frequency is based 
on 40 events over approximately 16 years operating experience (both 
units). The T3C frequency is based on 3 events over the 16 years 
experience. T2 and T3B were statistical estimates based on no 
occurrences of such events at Peach Bottom and the corresponding 
specific Individual Plant Examination analysis conducted by the utility 
using generic data [see 51. The resulting initiator event frequencies 
are summarized in Section 4.3 of this report. 
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APPENDIX E 

CUT SETS FOR DOMINANT ACCIDENT SEQUENCES 
AND PLANT DAMAGE STATES 
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The purpose of this appendix is to present the SETS code listing of the 
cut sets for each accident sequence including the point estimate core 
damage frequencies. There are 18 accident sequences including recovery 
with core damage frequencies above 1.OE-8. 

Subsequent to the SETS runs, one change was made to three accident 
sequences (I, 6 ,  and 7) to expand a l l  cut sets in those sequences to 
include battery depletion. This resulted in five cut sets for every 
original cut set. This is discussed in Section 4.12, since it was done 
for the uncertainty analysis. This expansion can be seen in Appendix F 
where the cut sets used in the TEMAC code are presented. 

A complete list of cut sets for each plant damage state is also shown in 
this appendix. This listing also does not include the battery depletion 
expansion. Again, the expanded cut sets can be seen in Appendix F in the 
TEMAC output. 
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APPENDIX F 

IMPORTANCE VALUES FOR DOMINANT 
CUT SET EVENTS 
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This appendix presents the results of the TEMAC importance measures and 
uncertainty analysis. There are three levels of detail that are used. 
First, the top events and cut sets are given and discussed in Section 5 
of the main report. Second, an intermediate level is presented in this 
appendix, which gives more events for each measure and more cut sets 
contributing to the core damage frequency than that shown in Section 5. 
Last, the complete listing of events and cut sets for the total core 
damage frequency, each accident sequence, and each plant damage state is 
available on diskettes from the NRC upon request. This complete listing 
also includes other lists with the results sorted differently. 

The purpose for not providing all the TEMAC output is to reduce the size 
of the document, especially since only a very limited number of readers 
will want the additional detail contained on the diskettes. 

There are five lists given in this appendix. The following table shows 
the extent of each list provided in this appendix. 

Each Accident 
Total CDF Seauence Each PDS 

1. Descriptive Statistics All (1 Page) All (1 Page) All (1 Page) 

2.  Risk Reduction All ( 3  Pages) All (-2 Pages) All ( -2  Pages) 

3 .  Risk Increase All ( 3  Pages) All ( -2 Pages) All ( -2 Pages) 

4 .  Uncertainty Importance All ( 3  Pages) All ( -2 Pages) All ( -2 Pages) 

5. Ranked cut sets 99% 90% 90% 

The most important set of results is the total core damage frequency 
(CDF)  run where all the cut sets are combined. Thus, 99% of the cut sets 
are included. 90% of the cut sets are included for each accident 
sequence and plant damage state. 

Detailed explanations of the risk measures are given in Section 4 . 1 2 .  
One final comment is that the cut sets are given in this appendix include 
the cut set expansion for accident sequences (1, 6 and 7) to account f o r  
battery depletion. This is also discussed in Section 4 . 1 2  of Part 1 of 
this volume. 
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numerous reviewers and significant changes to the plant systems and procedures made 
since the first report. The uncertainty analysis and presentation of results are also 
much improved, and considerable effort was expended on an improved analysis of loss of 
offsite power. The content and detail of this report is directed toward PRA 
practitioners who need to know how the work was done and the details for use in further 
studies. 
The mean core damage frequency is 4.5E-6 with 5% and 95% uncertainty bounds of 3.5E-7 
and 1.3E-5, respectively. Station blackout type accidents (loss of all AC power) 
contributed about 46% of the core damage frequency with Anticipated Transient Without 
Scram (ATWS) accidents contributing another 42&. The numerical results are driven by 
loss of offsite power, transients with the power conversion system initially available, 
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